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AS  ESaiT  CM  aAlPT 


A.  0.  H.  Tron^ioB 


ABamoT 

Tha  proBlaa  of  dariilnc  adaqust*  Bafogaards  for  an  hi|^  Toltaga 
BTataa  growa  rapldlj  aa  tha  ooaplazltj  of  tha  qrataa  iBoraaaaa.  Tha 
phlloaophj  and  praetloa  of  ra&dariair  a  agrataB  aafa  la  dlaauaaad  and 
ita  applioatioB  to  a  eoaplaz  ayataai  daaerlhad  ia  datail. 
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30  pagaa 

22  figoraa 


imonionar 


Randaxliic  «i  lsol«bl«  twwlon  unii  •Icotriotllj  laf*  Mldoa 
prcMBts  aiqr  but  an  •xtunsiTU  UTUtM  magr  prauant  a  aarara 

problaai*  l^la  mnxj  eaaa  auat  ba  ooniidarad  ou  ita  oan  aarlts  tha 
prlaeiplas  inrolTad  do  not  vaxy,  for  anaapla  it  la  alwagra  naoaaaaxgr  to 
anaura  that  Intarlooka  will  fall  aafa. 

for  tbia  roar  on  It  waa  oonaldarad  wortbwhila  to  daaerlba  tha 
applloatlon  of  thaaa  prlnoiplaa  to  a  apaelfie  axwpla  of  an  alootrioal 
qrataai  oapabla  of  dallwarlng  lathal  ahooka. 

2,  mua  ill)  PHacEBTS 

la  non-azparlaantal  work  tha  ragulatlona  uaualljr  obaarwad  ara  tha 
Bagulatioaa  fij  and  tha  llaetrloltj  Ssgnlatioaa  of  tha  faotorloa 
dot  [23  •  Tha  tormm  haa  no  lagal  atatua  althoui^  It  la  oartalnly 
aeoai^ad  aa  a  ooda  of  good  praetlea. 

Irparlaontal  work  la  foxawlly  asanptad  froa  tha  Taotorlaa  lot  but 
it  la  azpaotad  that  Ita  rulaa  aho^d  ba  adharad  to  wharawar  poaalbla* 
Thara  ia^  in  addition,  a  ooanon  law  raapoaalbilltgr  to  prewida  aafa 
working  ocmdltloua  althou^  thla  doaa  not  antall  going  to  artrana 
langtha  to  protaot  paraonnal  froa  ranota  dangara. 

Tha  affaet  of  thaaa  iHinltiaa  fxon  ragulationa  la  to  plaoa  tha 
raaponalbillty  for  tha  aafaty  of  axparlaanta  flxalT'  on  tha  aolantlat. 
Oauallgr  ha  raqulraa  aaalatanea,  and  aatabllaknanta  ualng  aueh  hl^ 
Toltaga  aqiuipaMnt  iaaua  thalr  own  aupplnaantan  ra^atloM*  Suoh 
ooapUatloaa  ara  tha  A.W.B.B.  Inatruetlono  4l/^t  dI  whieh  ara  la  tha 
prooaaa  of  baing  auparaadad  b^  Xnatruetlea  /62  and  A.B.I.B. 
Inatmotloa  SC.5/1900  Ttoaa  hava  tha  uaafUl  propartgr  of  tailing 
tha  axparlaantallat  what  ha  oaa  do  rathar  than  what  la  to  ba  awoldad* 

finally  thara  la  'Blaatrloal  Aoeldanta  and  thalr  Cansaa' 
publiahad  by  tha  M.L.I.I.  faetorlaa  Inapaotorata  wbleh  prowldaa  graphic 
llluatratlona  of  aotnal  Inoldanta  Thaaa  prowida  aa  Inaig^t  into 

tha  way  aealdaata  ooour  and,  oaa  hopaa,  glra  aoaa  praetlea  in 
dlaorlalnatlon  batwaan  poaalbla  and  likaly  aeoldaata. 

3.  OBTOAI.  PHIICIPLB3 


All  aqulpaant  owar  ^  T  aaaooiatad  with  a  atorad  anargy  of  1  J 
or  owar  $  kT  with  aa  output  of  aora  than  $  W  la  dangaroua,  although 
tha  haaard  arlaaa  nalaly  froa  aaoondary  eauaaa,  a.g.  falling.  Wh« 
thaaa  waluaa  ara  ralaad  to  20  J  and  y>  W  raapa^iwaly  tha  aqulpnaat 
la  lathal  la  Ita  om  ri|^t. 

than  aa  azparlaoatal  arrangaaant  haa  baaa  daolarad  dangaroua  It  la 
naoaaaaxy  to  aaka  It  raapoulbla  to  oaa  naa.  Tha  Aldamaatoa  ayatan  la 
to  daal^Mta  a  aultabla  paraon  and  aaka  hla  diraotly  raaponalbla  aftar 
tha  Aiparlatandanti  auoh  paopla  aa  tha  aatabllakaant  Safaty  Offloar 
aoting  in  a  puraly  adwlaoiy  oapaalty.  Tha  duty  of  tha  daolftatad 
offloar  la  to  oartlfJr  oparatora  aa  fUlly  traln^  or  adaq^ataly 
auparwlaad,  that  paopla  ara  awara  of  tha  haaarda  aziatli^,  and  that 
auoh  uaaklllad  paraona  aa  olaaaara  work  in  daalfwtad  aroaa  only  wlua 
Inatruetad.  It  la  undaratead  that  a  aaa  ahould  nawar  work  aleaa  on 
lathal  apparatua.  Tha  aaooad  nan  ahould  ba  aufflolaatly  aklllad  to  ba 


-  3  - 


uMful  in  an  nmnentj  and  a  laboorar  or  a  parson  vndar  t««itp>-ona  Is 
not  aoospta'bla.  Tbs  apparatus  will  nomallj  bo  Intsrlockad,  and  it  is 
onljr  oonnen  smsa  to  danand  that  tbs  ownsrsbip  of  tbs  oparatins  kagr  Is 
wall  doflnad* 

Bafora  starting  w^  it  is  assantial  to  oaaura  that  tbs  workinc 
araa  is  olaari  A  waninc  klaxon  soondad  a  abort  tins  bafora  switobLiK 
on  is  raaoaMndsd,  anpplaoMntad  Iqr  inspaetien  of  tba  araa*  Tuznlnc  ob 
should  aetlwata  rad  waminc  lickts. 

AssnniBc  an  aaoidant  ooanrs  it  naat  ba  possibla  to  turn  off  tba 
aquipnant  poaitiwaljr  and  safalx*  Apart  fron  pamanant  lagibla  notioas 
to  dalinaata  tba  dasi^utad  araas  it  is  aaaassaxx  to  naxk  all  assantial 
oontrols  to  indleata  fbnotien*  Crabb  switabos  abould  also  ba  plaoad  la 
all  wozkiac  araas. 

It  Is  obrionslx  unsisa  to  pandt  unassoaiattad  work  to  ba  aanlad 
on  in  tba  daslffutad  araa  and  nost  sodas  of  praatiaa  strass  good  boosa- 
kaaping,  i.a.  allniaatlng  trailing  wiras,  ata* 

Boriaas  aontaining  aapaoitors  should  ba  oontalnod  la  a  oabinat 
fittad  with  gata  switdiaSf  aithar  Castall  naohanloal  or  alaotro- 
naabanioaly  arrangad  to  fail  safa  and  ba  roasonablx  tmpar  proof.  Thooa 
should  out  off  tba  supplj  and  dlsobarga  tba  oondsnsors  on  opaaing  tbs 
door.  Cablas  eoaaaotiag  snob  oablnats  should  tbansolwaa  ba  iatarlookad. 
Vbaro  autonstlo  disdurglag  is  aot  possibla  aa  aartblng  rod  is 
aooaptabla  bat  tba  bast  praotioa  is  to  usa  tba  rod  to  aupplonant 
sutonstio  dswioos. 

Xntarloaka  tbansolTos  raiso  aasg  problms.  It  is  alaarljr 
Inpossiblo  to  prodaoa  a  oonplatolx  twpor-proof  iatorloaky  and  A.B.B.B* 
go  so  far  as  to  sag  anjr  iatorlooldag  ajatan  doponds  on  ao-oparstion  bg 
tba  staff.  Wbila  latarlooks  ara  aooaptabla  for  roatiaa  oparation, 
sarrioiag  ata.  uauallj  raquiras  an  onrarridiag  faoilitx*  Tina  looks, 
no-wolt  roloaso  and  daad  nan's  kaadlo-txpo  switdhas  ara  palliatiwas 
rathor  than  annwars  to  this  q^ostion*  Otbar  balf-naasuros  aro 
axbortations  to  kaop  ona  hand  in  tba  pookat  or  usa  laaulatiag  nats  or 
^ovas. 

Iffioiant  aartblag  is  assantial  and  with  pnlsa  oparation  aartb 
loops  Hast  ba  obwlaitad.  Targr  larga  woltagas  aagr  than  appaar  batwaan 
adjaoant  aartho  and  this  iatrodaoas  problans  of  its  oia  sad  ona 
solution  is  to  randsr  tbs  araa  'aartb  fTaa*. 

flaall/,  assaaiatad  basards  nust  ba  oonsidarad,  bursting 
oondsnsors  or  tba  gansration  of  X-rags. 

lost  oodao  of  praotioa  also  stipulato  ragalar  Inspaotion. 


4.  tamjMmij,  awsawo— 


fhs  orlglaal  asporlnantal  arrsaganant  aawissgad  a  naobaaloallj 
latorloakod  roan  oontaiaiag  all  tbs  basardoas  apparatus,  sad  a 
naohanloal  iatorlaok  was  ia  fast  installod.  Hosawar,  an  ovarridsr  was 
Booossaxx  to  pomit  adjustnwrts  to  ba  nado  and  this,  togstbor  with  tbs 
growth  la  oHploKitx  of  tho  rig,  nado  tbo  safwss  of  tbs  apatan 
doubtful,  fhs  falloslac  is  a  briaf  dssoription  of  tbo  syataa  at  tbia 
point  whiab  naat  bo  insludod  to  allow  sabaoqfaant  aoetioaa  to  bo 
appraoistod. 
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Th«  appuktos  wM  dMlffiad  to  genarate  uadarwatar  alaotrlo  apaxka 
in  tha  anaror  ranga  1  to  100  J  within  a  aawan-foot  diaaatar  staal 
waasal  praaauriaad  up  to  13O  Vb/ljBTf  tha  alaetrioal  anargjr  baiag  atorad 
in  a  oondanaar  bank  plaoad  abova  tha  prasaura  wasaal.  Prowiaion  waa 
nada  for  naaBuriiig  tha  potantial  aoroaa  tha  apaxk  gap  uaing  a  voltaga 
diwidar  and  ouirant  throu^  tha  oirouit  uaing  a  tranaformar.  In  tha 
original  and  unaafa  foni  tha  nain  aarth  waa  eonnaotad  to  tha  ahialdad 
boat  oontaining  tha  oondanaar  bank  and  tha  pxaaaura  waaaal,  natal 
aoaffolding  oatwalk|  and  gantry  aupporting  tha  owarhaad  lifting  taekla 
wara  aarthad  Indlwldually  to  a  alngla  point  on  thla|  an  arrangamant 
naoaaaaxy  to  alininata  induotiwa  loopa.  Apart  fron  alaotrioal 
naaaurananta  photographio  raeorda  of  tha  apaxk  wara  to  ba  takan  uaing 
a  apaxk  ll^t  aouroa  but  tha  oanaraa  hawa  baan  adaptad  for  ranota 
oparation  and  tha  flaah  aouroa  ia  raadilj  iaolatad. 

Tha  aaaooiatad  naasuring  inatxunanta  and  othar  control  gaar  ara 
altuatad  in  tha  nast  rocn  and  undar  noxnal  oparatlng  oondltlona  it 
ahottld  not  ba  naoaaaaxy  to  go  into  tha  roon  oontaining  tha  praaaura 

▼aaaal« 

Tha  arrangaannt  ia  ahown  in  fig.  1 .  Tha  oontrol  daak  ia  at  C  md  lha 
tank  at  T.  and  82  ara  alaotrioal  dlatrlbutlon  panala  for  tha  two 
aata  of  apparatua,  poaaaaaing  duplioata  oontrola  owarriding  S2> 

Tha  doorway  waa  fittad  with  a  Caatall  Intarlook  ayatan,  whloh 
providad  for  owarriding  at  82  for  fault-finding.  Rio  B.H.T.  ganarator 
waa  plaoad  at  0. 

Tha  noat  aiffilfloant  faatura  of  tha  roca  oontaining  tha  oondanaar 
bank  (B)  to  tha  8afaty  Offioar  ia  ita  daapnaaa.  Moat  tank  oparationa^ 
auoh  aa  filling,  raault  in  watar  baing  apllt  on  tha  floor  and  tank 
platfoxa. 

5.  rai  CIHC0IT8  TO  BM  8AP10UAH1>P 


Tha  main  haaard  waa  praaantad  by  tha  oondanaar  bank  plaoad  abowa 
T  in  figura  1.  If  all  tha  alananta  wara  parallallad  and  ohargad  to  full 
woltaga  an  anargy  of  6OO  J  would  ba  awailabla  at  2^  kT. 

On  awitohing  tha  oirouit  giwan  in  figura  2  tha  oondanaara  ara 
diaohargad  through  tha  apaxk  gap  and  aa  watar  ia  a  oonduotlng  aadlun 
thara  ia  no  naana  of  iaolatlag  tha  ataal  praaaura  waaaal.  If  a 
thyratron  unit  ia  uaad  aa  a  awltoh  tha  whola  unit  will  nooantarily 
attain  tha  oondanaar  bank  woltaga. 

Tha  main  oondanaar  bank  ia  ohargad  fron  tha  ganarator  0  and  tha 
woltaga  maasurad  with  alaotroatatio  natara  in  oonaola  C  which  ara 
oonnaotad  diraotly  to  tha  oondanaar  bank. 

To  alininata  aarth  loopa  tha  aarth  oonnaotlona  ara  nada  to  a 
alngla  point  aa  ahown  in  figura  3.  Althou^  tha  oirouit  dlagma  in 
figura  3  auggaata  tha  olroulatoxy  currant  ahould  not  glwa  riaa  to  any 
potantial  warlationa  at  tha  aarth  oonnaatlon  it  ia  found  in  prantioa 
that  largo  woltaga  ohargaa  ooour,  howawar  wall  tha  ayatan  la  aarthad 
(aaa  appandiz).  It  followa  that  largo  potantial  diffaranoaa  noxnally 
appaar  botwaan  tha  warloua  branohaa,  A,  B,  C  ato. ,  and  thaaa  nay  wall 
ba  largar  undar  fault  oondltlona. 

Aa  altaxnatiwa  azparinaatal  armganant  raplaoaa  tha  oondanaar 
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FI0.7  ORIGINAL  ARRANGEMENT  OF  APPARATUS 
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bank  and  ■•H.T.  ganarator  by  a  Maxx-Ooodlat  lapulaa  ganarator  oapabla 
of  dallvarlng  10  J,  73  ^  pulaaa.  Tha  aapplj  voltagaa  and  tba  anavgjr 
availabla  in  tha  oontrol  room  ara  vaxy  moh  lowar  than  in  tha  prariona 
oaaa  but  the  aarih  pulaaa  ara  mora  aarara. 

Apart  fron  tha  main  diaoharga  thara  ara  a  number  of  trigger 
ganaratora  with  thair  aaaooiatad  power  auppliaa.  Baoh  of  thaaa  auppliaa 
ia  oapabla  of  dalivarinc  23  *  at  3  b.V  and  thajr  ara  uaad  to  oharga  tha 
oondanaara  to  a  maitlna  100  J.  Ihia  anargy  waa  availabla  at  tha  B.H.T> 
input  panal,  tha  oontaota  being  aoeanaibla  with  tha  plug  xamovad.  Tha 
output  of  tha  trigger  unita  waa  derived  from  a  pulaa  ganarator  vhioh 
would  normally  give  up  to  20  kV  peak  voltage  output. 

6.  APPLICATIOl 


Before  attempting  to  apply  tha  prinoiplaa  outlined  ia  aaotion  3 
it  ia  aa  wall  to  oonaidar  the  requiramantapaouliar  to  thia 
aatabliahmant.  Tha  atanding  ragulationa  permit  tha  azparimentar 
to  diapanaa  with  all  maohanioal  aafaty  davioaa  if  ha  aaaa  fit.  However » 
thara  ia  no  tradition  of  lethal  Mgfc  voltage  work  and  apparently  no 
ourb  on  tha  paragrinationa  of  window  olaanara  and  other  maintananoa 
paraonnalt  for  thia  raaaon  a  fully  intarloUkad  ayatam  waa  apaoifiad. 

While  aooapting  that  intarlodka  require  tha  apmpathatio 
oo-oparation  of  ataff,  laboratory  tradition  atill  danandad  a  daaiffi  of 
intarlook  aaaiar  to  uaa  than  miauaa.  Aa  a  alaplifioation  tha  raatriotad 
area  waa  divided  into  two  poaitionai  tha  control  daak  room  ia  whioh  all 
potential  aouroaa  of  danger  ware  protaotad  by  tmipar-proof  iatarlookai 
and  the  tank  room,  normally  protaotad  by  a  Caatall  maohanioal  iatarlook» 
lAara  ovorridara  gave  aooaaa  to  a  room  ia  iriiioh  davioaa  ware  fully 
iatarlookad  though  of  laaa  aophiatioatad  daaiga.  Tha  Juatifioatiom 
for  thia  waa  that  aooaaa  to  the  door  interlock  kaya  waa  to  be  raatriotad 
and  aooaaa  to  tha  tank  room  under  potentially  dangaroua  oonditiona 
limitad  to  qualified  paroonnal. 

All  tha  aolutiona  to  tha  override  probloa  quoted  ara  rather 
unwieldy  and  tha  override  key  waa  made  to  operate  a  klaxon  with  1  in 
10  duty  oyola  ao  that  it  would  be  impoaalbla  to  be  unaware  that  the 
overriding  faoility  waa  being  uaad. 

Tha  Z.B.B.  raeoamandation  that  outlata  of  different  phaaa  ahould 
be  aaparatad  by  at  laaat  tan  feat  waa  diaregarded.  Apart  from 
diatrlbuting  tha  load  equally  between  the  phaaea  it  waa  naoaaaary  to  uae 
all  phaaea  to  eliminate  maina  pietMup.  (hitlata  for  all  three  phaaea 
appeared  on  both  diatrlbution  boarda  and  in  the  oonaole.  To  offaet 
thia  adequate  labelling  and  ooding  waa  amployad. 

7.  3Afm  PEKAUTIOro  J  TAMt  BOOM 


Probably  tha  graateat  danger  ia  tha  tmik  room  ia  aaaooiatad  with 
tha  large  potential  dlffaranoaa  whioh  nay  ariaa  between  adjaoant 
aartha.  To  allminata  earth  loopa  tha  earth  oonnootiona  ara  made  aa 
ia  figure  3  and  under  normal  working  oonditiona  large  ourranta  may  flow, 
and  ia  tha  worot  oeaaa  large  potontiala  appear  eoroaa  oablaa  whioh  ara 
oonaaotad  together  a  few  iaohaa  nearer  earth.  Under  unapaoifiad  fault 
oonditiona  a  large  porportion  of  the  atorad  energy  nay  be  available 
la  thia  way. 

Tha  original  apparatua  ahoan  in  figure  7  had  the  main  earth  at 
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top  of  tko  ooppor  box  with  tko  gantty,  oatwalk  and  tank  aystaai 
oarthad  Indapandantly  to  thia  point. 

To  onaora  tkat  It  waa  not  poaaibla  to  tonok  adjaoant  aartka 
inadvartantly  tka  aoaffoldlng  oatwalk  waa  raaowad  and  raplaoad  by  a 
woodan  ona.  Croaa  ban  wan  introduoad  Into  tkia  to  naka  it 
iapoaalbla  for  an  unoonaeiooa  panon  to  roll  or  fall  froai  platfom  to 
floor.  Tka  ooppmr  tank  wan  iaolatad  fron  ita  natal  baanr  balow  by 
pazolin  akaat  and  fron  tka  porta  in  tko  pnaauro  waaaol  by  f  in.  panpaz 
akaat. 


Tha  gantry  raiaad  a  problan  aa  it  waa  not  poaaibla  to  laolata  it 
affaotiwaly  fron  tha  floor  in  wat  oonditiona  and  tha  owariiaad  girdar 
of  tha  gantry  oould  not  ba  ahialdad  without  draatioally  nduoing  tha 
hand  roon.  for  thia  naaon  tha  top  girdar  of  tha  gantry  wan 
olaotrioally  iaolatad  from  tha  not. 

Matal  franaworkn  in  aaay  naoh  of  aaeh  othar  and  alao  aotual  aarth 
linao  won  than  bozad  la  with  franad  plywood.  kf  grada  rubbar 

matting  waa  laid  on  tha  oatwalk,  a  hi^iar  npaeifleation  baing 
auparfluooa  aa  moat  of  tha  oonduotiwlty  in  tha  fraquantly  wat  oonditiona 
ia  along  tha  aurfaoa.  Similar  matting  waa  alao  plaoad  on  woridng  anaa. 
figuna  81  and  8B  ahow  thaaa  modlfloationa. 

Tha  ooppar  boz  oontainad  tha  main  oondanaar  bank  and  aa  it  waa 
daainbla  to  aaa  tha  oontanta  during  aatting  up,  panpaz  doon 
intanhangaabla  with  tha  intarlookad  upper  doon  wan  fittad  nthar 
than  intr^oa  owarridan.  Two  aapanta  aata  of  awitohaa  wan  inotallad. 
Short  oirouit  awltdbaa  of  tha  typo  ahown  in  figun  9  plaoad  in 
parallal  with  tha  oondanaar  bai^  and  doubla  ganged  nioroawitohaa  aa 
daaoribad  in  aaotion  9  *•>«  noad  to  nwitoh  off  tha  B.H.T.  oupplian  and 
aound  a  airan  alun  the  door  wm  opened  with  tha  maina  on.  Itoithar  of 
thaaa  awitohaa  waa  made  tmapar-proof  aa  thia  waa  difficult  naohanioally 
and,  whan  tha  B.H.T.  generator  waa  on,  aooaaa  to  tha  ooppar  boz  waa 
natriotad  to  aalaotad  key-holding  panonnal.  Alao  ia  tha  ooppar  boz 
waa  a  largo  grawlty-opantad  nlay  oouplad  with  tha  Caatall  interlock 
ayatam  idiioh  waa  arranged  to  ahort-oirouit  the  oondanaar  bank  in  tha 
daaotiwatad  poaitlon  (fig.  10).  A  mioroawitoh  mounted  on  tha  nlay 
waa  uaad  to  awitdi  off  tha  B.E.T.  generator  in  tha  aafo  poaltion  to 
prarent  largo  abort  oirouit  ourranta  from  being  aatabliahad. 

Tha  teat  waaaal  waa  pnaauriaad  by  an  hydnulio  aoouBulator  and 
tha  apaoifloation  oallad  for  a  control  tap  at  tha  oonaola.  To 
prowida  affaotiwm  iaolatlon  the  ooppar  tuba  uaad  for  the  pipeline  waa 
broken  at  tha  wall  batwaon  control  and  tank  room  and  a  rubbar  tuba 
inaartad,  the  pipeline  alao'riMn  ahaathad  in  Portaz  tubing.  Tha 
proaanriaing  gam,  nitrogon,  ia  not  likely  to  prowida  a  oonduoting  path. 

Aa  the  ayatam  atanda  tha  apark  gap  nay  ba  withdraan  fron  tha 
taak  without  tripping  any  intarlooka.  In  ordar  that  tha  opantor 
ahaaild  ba  ia  no  doubt  that  tha  dawioa  waa  aafa  a  high  woltaga  awitoh 
waa  plaoad  laMdiataly  abowa  tha  top  tank  porta  whlok  waa  to  ba  uaad 
to  abort  oirouit  tha  oondanaar  bank  and  turn  off  tha  B.I.T.  unita. 

A  panpaz  oowar  on  thia  awitoh  allowad  tha  aotion  to  ba  aaan  (fig.  11 ). 
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no.  11  PERSPEX  COVERED  SAFETY  SWITCH 


Cr««h  mrltdws  mm  plMcd  in  a  cafa  araa  at  H  and  at  tha  top  of 
ttao  oatwalk  stairo.  Tbo  aafo  aroa  «m  eovorod  with  inoulatinit  ru'b'bor 

■attlnc* 

Tho  irtiolo  rooa  was  protootod  Iqr  a  Castoll  ■oohanloal  intorlodk 
on  tho  door  whidh  oontrcllod  tho  I.H.T*  hroakor  and  tho  hoaw7  srsnritjr 
oporatod  rologr  plaood  as  dosorlhod  ahoro*  Tlio  intorlook  swltoh  for 
noiml  oporation  holn^  at  with  tho  ovorrldo  swltoh  at  Sn*  Tho 
OTorrldo  switdh  was  douhlo  gW8»  oporatinc  a  klszon  at  a  duty  070I0 
of  ono  in  ton,  so  that  it  would  ho  iaposslhlo  for  tho  oworrldo  to  ho 
loft  on  withoot  hoinc  vraro  of  tho  foot.  Tho'  olootrloal  arrangonont 
is  shown  in  fl^u*  12. 

To  SMstarisOy  with  tho  door  intorlook  ororridon  aoooss  to  tho 
tank  roon  oould  ho  attainod  with  all  supplios  on.  Tho  intorlodks 
oontrollod  tha  I.H.T.  oiroait  hroakor  and  oondonsor  hank  disoharglnc 
dOTioos  only.  Tho  intorlooks  Mrs  rudlaontaxy  and  Intondod  only  to 
protoot  ozporionood  porsonnol  during  ossontial  oqulpnont  tasting  and 
Mlntonanoo. 

8.  Tin  QCWIIOI.  800M 

Tho  I.B.T.  guorator  was  plaood  in  tho  oontrol  roon  for 
oonwanianoo  at  0  in  flguro  1.  fizod  ahowo  this  was  a  roslstor  ohain 
oonsisting  of  twwntj  llorgMlto  tuhular  rosistors  ratod  at  100  W  oadh 
oontaiasd  in  a  hoK  \fig.  13)>  Tf  any  of  tho  oondonsor  disoharglag 
dowloos  in  tho  largo  ooppor  hoc  at  B  jsHMd  this  hank  would  taka 
6  kl  hoforo  tho  oworload  trip  ongagodf  and  so  tho  nains  droppor  was 
flttod  with  hlowors.  Tho  roslstor  ohain  was  oonplotoly  onolosod  hy  a 
hoc  and  tho  notal  portions  oarthod.  Zt  was  arrangod  that  in  tho 
owont  of  any  roslstor  dlointograting  thoro  was  no  olootrloal  path  to 
any  oarth  or  aalna.  Tho  lid  to  this  hon  wm  fittod  with  an  Intorlookod 
hi^  as  dosorlhod  in  sootion  9* 
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nG.12  BLOCK  DIAGRAM  OF  THE  INTERLOCK  SYSTEM 


Two  leads  ran  froa  the  dropper,  one  to  the  oonaole  and  measuring 
dewloss,  the  other  to  the  copper  hoz  in  the  tank  room.  The  mazlmua 
voltage  to  be  carried  was  23  kV,  S.C.  but  as  thsrs  was  an  almost  oertaia 
probabllltjr  of  a  rapid  change  in  voltage  the  line  UR17,  rated  at  22  kV 
for  pulse  operation  was  speoified. 

Inside  the  oonsole  the  oable  entered  a  distribution  box  (fig.  14)* 
This  oontalned  three  relays.  The  B.H.T.  line  was  oonneoted  throui^  the 
aotuatlng  ooll  of  the  first  and,  if  a  ourrsnt  greater  than  10  mi  was 
passed,  aotuated  the  laains  breaker  (fig.  13).  The  second  and  third 
served  to  switoh  in  or  out  of  the  oirouit  two  low  range  soalaap 
voltmeters,  a  hi^  range  soalamp  meter  remaining  always  in  oireult. 
These  relays  ware  of  the  type  shomu  in  figure  10.  The  relay  box  and 
soalamp  boxes  ware  interlo(dced  with  hinge  swltohes,  the  latter  being 
hinged  on  top  and  in  front  (fig.  I6). 

The  small  I.H.T.  «mits,  trigger  units  and  cables  posed  a  more 
difficult  problem.  The  experiment  called  for  two  B.H.T.  units,  two 
trigger  units  and  two  cables.  Prudence  and  past  experienos  demanded 
a  spare  trigger  unit  and  oable.  This  eliminates  the  fitting  of 
permanent  oablea  IjmMdlately  and  suggests  plugs  and  sobkets. 

Two  points  arise  I  the  plugs  must  be  Interlooked,  and  there  was 
the  possibility  that  the  wrong  oable  would  be  oonneoted  at  the  tank 
room  end.  To  overoome  all  objeotions  the  following  scheme  was  uaedi 

(1)  The  two  B.B.T.  units  were  placed  in  a  box  with  an  inter¬ 
looked  hinge  (fig.  17). 

(2)  The  B.H.T.  mains  supply  was  arranged  to  oome  from  the  trigger 
units,  special  mains  plugs  being  provided  to  ensure  the  wrong 
supply  was  not  being  used. 

(3)  The  trigger  unit  was  fitted  with  an  autcmatio  dlsoharging 
relay  to  operate  on  switching  the  mains  off. 

(4)  The  trigger  unit  was  fitted  with  hinge  interlooks  on  the 
serviolng  aoosas  panel. 

(3}  The  E.H.T.  input  plugs  and  the  pulse  output  plugs  were 
Interlooked  (fig.  18). 

(6)  The  pulse  cables  were  Interlooked  into  the  copper  box  at  S. 

(7)  Dummy  interlobks  were  provided  at  both  ends  for  the  spare 
pulse  oable. 

(8)  The  control  room  interlocks  were  placed  in  series  with  ths 
mains  breaker  and  the  tank  room  interlooks  with  the  E.H.T. 
breaker. 
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PIQ.18  DOOR  HINOE  WITH  MICROSWITCHES 


The  control  roon  door  wm  fitted  with  a  hlac*  Intorlook  oporatlaf 
tho  main  oontaet  hraakar  (fl«>  19)«  Thia  gawa  laMdlata  aeeaaa  in  oaaa 
of  aoaldaat  and  at  tha  ana  tiaa  raadarad  all  olroaJta  aafa.  To 
prarant  ahoM  warning  balls  wars  plaoad  oatslda  tha  doer  and  la  tha  tnk 
rooa  irtiieh  oparatad  whan  tha  aalns  switoh  was  olosad  with  tha  door  open. 
Waning  notioas,  a  rad  li|^t  and  iatareonnunioatlon  faoilitiaa  with  tha 
control  rooa  wars  provldad  outsida  tha  door.  Tha  lattar  waa  nada 
ooaplataly  saparata  froa  tha  main  aystaa.  Crash  safety  swltehas  ware 
fitted  at  oontrol  board  and  oonsola. 

To  suBaarisoy  tha  oontrol  faoilitiaa  haws  bean  aaparatad  froa  tha 
working  portion  of  tha  apparatuay  partly  in  tha  intaraata  of  aafatyy 
and  plaoad  la  an  iatarleok  protaetad  rooa. 

Tha  faellitiaa  in  tha  oontrol  rooa  hare  boon  protootad  by 
aoaiaally  taapai>-proof  intarlooka  for  iriileh  no  ovarridiag  faoilitiaa 
hawa  bean  prorldad  and  all  of  whioh  oontrol  tha  naiaa  braakar.  As  this 
oontrols  tha  oiroolt  braakar  on  tha  B.B.T.  unita  a  vary  sabstantial 
dagraa  of  protaotion  is  provldad. 

9.  TTPW8  OF  nmLOCE  UEBD 

Apart  froa  tha  standard  Castall  naohanieal  Intarlooky  three  typaa 
of  Intarlook  ware  usady  all  alaetrieal.  Tha  noat  widely  anployad  was 
tha  hinge  awitoh  baaed  on  a  nieroswiteh.  A  nloroswlteh  has  a  linitad 
Ufa  nd  an  aatoaatlo  fault  dataoting  ayataa  was  davlaad.  Asauning 
that  tha  only  fon  of  danaga  ia  naehanlealy  i.a.,  oontaots  welding  or 
a  broken  springy  tha  ayatan  ahown  in  figora  20  ia  intrinaieally  aafa. 

Thla  awitoh  oonprisaa  two  2>pola  ohangaovav  nioroswitohas  gangod 
naohanieally.  Tha  nains  ia  earriad  by  tho  top  pair  of  oontaots  whioh 
ara  nornally  olosad.  If  both  awitohaa  are  not  ia  tha  asM  stats  a 
oontinnona  path  is  available  through  tha  oantre  oontaots  and  this  ia 
uaad  to  eparata  a  klaacon  (fig.  21 ).  Tha  lowest  pair  of  oontaots  ia 
uBosad  osoapt  ia  tha  door  awitoh  idwra  it  oparataa  tho  ball  oirouit. 

Tha  naohanieal  arrangsaant  of  one  of  tha  hinge  awitohaa  is  ahown 
ia  figure  19.  The  desi^i  nakaa  tnparlag  diffioult.  Vor  azaavlay  to 


gala  MMSS  to  th*  oontrol  roon  door  swltelx  it  is  nsossssxy  to  rsnors 
ths  door. 

Siallsr  ■lorossltehss  ars  ussd  for  ths  plug  iatsrlook  oa  ths  B.H.T. 
trlggsr  gsasrstors*  fhs  asohsaiosl  dssigt  is  shosa  ia  figors  18  sad  it 
osB  hs  sssn  that  thsss  aagr  hs  eooatsrsd  hj  s  lass  dstaxaiasd  sttsek  thsa 
ths  hiags  svitdhss.  Ths  slsetriesl  opsrstioa  is  dspiotsd  ia  figors  22. 

Ths  third  typs  is  s  siapls  pluagsr  ssitsh  shosa  ia  figors  9« 
fittsd  ia  ths  ooppsr  hoac  at  B.  Thsss  srs  sssily  taspsrsd  with  sad  rsly 
oa  roggsd  ooastrootioB  for  rslishility. 

10.  naPBenai 

Most  oodos  of  prsoties  stipolsts  rsgolsr  iaspsetioa  of  ssfsty 
iatsrleoks  hy  mi  autoaoaooa  asfsty  ssotioa.  A.B.L.  has  ao  sodh  ssetioa 
sad  SMiihssis  was  plsosd  oa  prodneiag  ssfsty  dswioss  iriiieh  rsslly  did 
fail  safs  rathsr  thaa  plaos  rsliaaes  oa  iaspsetioa  hy  iatsrsstsd 
parkiss. 

This  sitastioB  is  far  froa  idsal  aad  it  is  suggsstsd  that  rsgolsr 
iaspsotioas  hs  aads  froa  ootsids  ths  sstahliabasat  if  it  is  aot 
peaaihls  to  sppoiat  a  ooapstsat  iatsxaal  safety  officer. 

11.  oaBCLoaiai 


Ths  aystsa  dswissd  attsapts  to  stssr  a  ooorso  bstwssa  ths  twla 
pitfalls  of  hswiag  to  provide  overridlag  faoilitiss  sad  stiaolatiag  a 
dssirs  to  outwit  ths  iatsrloeks.  teparisaes  will  show  if  it  is 
sooosssfhl. 


12.  taninai.|jBnMiMwa 


This  projsot  was  iaitlatsd  hy  Mr.  E.  H.  Margary. 

Ths  applioatioB  of  ths  hasie  ideas  was  thrashed  out  ia  diaeossioas 
with  ths  Orawiag  Office  ssekioas  headed  hy  Mr.  Ahsroroahis  aad 
Mr.  BarrisoMy  to.  Bsweoahs  of  the  first  seetioa  asritiag  iadiwidasl 
asatioB  for  his  soggsetiaas.  These  seotioas  were  also  rsopoasihls  for 
ths  aero  tiresoao  dssigi  work. 

Mr.  Wiatsr  aad  Mr.  toosth  of  the  Ministry  of  Works  roaderod  yseaaa 
ssrvios  ia  traaslatiag  oor  onosoal  wiring  diagraas  into  hardware  sad 
aooh  help  was  given  hy  the  latter  ia  ksspiag  oor  eoheass  within  the 
spirit  of  ths  I.B.M.  rsgolatioas. 


A.  Q.  H.  TreoAtoa  (8.8.0. ) 
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Th«  Origin  of  th«  Barth  FuIm 

It  is  usually  possibls  to  sssuas  that  s  'good*  ssrth  will  msintain 
si  sn  uBwssgriag  p^satisl  slthou^^  this  is  olssrly  suspset  whsrs  ■uoh 
sBsrgjr  is  bsadlad  Iqr  aa  ssrth  rstun.  Ths  oirsuit  for  gsasrsting 
uadsrwstST  spsiks  is  rsprsssntsd  hy  fignrs  4  and  idisn  ths  switeh  is 
elossd  s  pursly  oiroulstory  ourrsnt  flows.  Ths  ssrth  point  doss,  in 
fast,  suffsr  a  sharp  ohangs  in  potsntial  and  it  is  diffioult  to  ass  how 
this  'ssrth  pulss'  arlsss. 

Ths  ssrth  Bust  bs  oonsidsrsd  as  having  sobs  inpsdsnos  snd  it  is 
usual  to  spsoifjr  sartha  in  tains  of  lapsdai  os  to  infinity.  To  givs  a 
aiBsrloal  valus,  thrss  okns  would  bs  oonsidsrsd  a  vary  good  sarth  in 
a  noiaal  laboratozy  installation.  Supposs,  in  ths  oass  oonsidsrsd, 
that  ths  sarth  rssistanos  nay  bs  rsprssantsd  by  a  rssistanos  r  in  ssrlss 
with  a  psrfsot  sarth.  Ths  psrfset  sarth  in  turn  is  nost  oonvanlantly 
oonsidsrsd  as  an  inftnitsly  largo  oapaeltor.  Slstribntsd  stray 
oapasitanoss  appsar  aeross  all  oonponsais  and  thsss  nay  bs  rsprsssntsd 
to  a  good  approxlaatlon  by  lunpsd  oapasitanoss  to  sarth  fron  sithsr  aids 
of  ths  BSjor  ooaqpoasnts  and  ahuntlng  ths  oonponant.  A  siapllfioation 
wfaleh  will  not  othsrwiss  offset  ths  analysis  is  to  naks  ths  load  a  purs 
rssistaaos  without  strays  and  rsplaos  ths  swltoh  by  a  short  oiroult. 

Ths  result  is  shonu  in  figure  $,  Z  representing  ths  Inovitabls 
iapedanoo  between  oosBon  sarth  point,  shosaa  as  a  heavy  dot,  and  ths 
earthy  side  of  ths  eondsnssrs. 

This  any  bs  siapllfisd  iBsdiatsly  for  tbs  sebSBO  in  figure  6  in 
idiioh  C  ooBprisss  C  ♦  and  B'  an  iapure  oonblnatlon  of  B  and  Cj^. 

Ths  eiroulatoiy  eurront  Z  will  divide  bstwesn  ains  A  and  B  of  ths 
parallel  nstwoifc  and  ths  potantial  of  ths  sobbob  sarth  point  bsoonss 
Ir  with  rsspeet  to  earth  where  i  is  given  byi- 
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sinoe  ths  oentrs  point  of  A  is  at  sarth  potential. 

Ths  BS^tuds  of  X  is  dstszBinsd  prlBsrily  by  B  and  oondsiUMr 
voltage,  ths  rets  of  ourrsnt  rise  by  ths  oirsuit  Induetanoo  and  the 
dsoay  agnin  by  B.  With  an  Infinitely  alow  ourrsnt  rise  i  will  bs  soro 
but  with  inorsasing  rate  of  rise  the  inpedanoe  of  netwosfc  A  will  fall  - 
below  that  of  B  due  to  ths  Induetive  ocBpoBant  in  Z.  Ths  shorter  the 
ourrsnt  rise  thorefSre,  the  greater  the  sarth  pulss  will  be. 

Ths  only  elenant  asMnabls  to  nanipulatien  is  Og  but  oonnsotlag 
ths  shields  of  ths  oondanssr  bank  to  ths  B.I.T.  line  is  not  a  vezy 
attraetive  propoaition. 
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